n adults with new-onset focal seizure(s), cranial CT or MRI often reveals an epileptogenic lesion. In such cases, the lesion is often suspicious for an underlying neoplasm, although nonneoplastic conditions can also mimic brain tumors. In some adults, seizures occur as NORSE. 11, 17, 26 This disorder is often characterized by CSF pleocytosis and lack of an obvious underlying cause. In some cases, seizures are preceded by a febrile illness. Magnetic resonance imaging may show signal abnormalities, often multifocal, on T2-weighted and FLAIR sequences. Treatment is difficult, and morbidity and mortality are high. The etiology of this condition is unclear; an underlying inflammatory process, such as viral encephalitis or an autoimmune condition, is frequently assumed but rarely can be proven. It is also often uncertain whether the observed MRI abnormalities represent the causes or consequences of severe seizures. Here we present the clinical history, neuroimaging, electrophysiological, and histopathological findings, and long-term posttreatment follow-up of an adult treated for NORSE associated with an inflammatory brain lesion. We demonstrate how the use of AMT-PET imaging facilitated the diagnosis and assisted with successful treatment after detecting tissue with seizure-associated inflammation. AMT-PET is an imaging modality that can effectively detect epileptic foci and lesions such as tumors due to AMT accumulation resulting from increased tryptophan transport and metabolism via the inflammatory and immunosuppressive kynurenine pathway. 4, 5, [14] [15] [16] 
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Case Report
A 56-year-old right-handed man with a history of high blood pressure presented with sudden-onset progressive headache, followed by new-onset complex partial seizures 3 days later. There was no history of fever. On Successful surgical treatment of an inflammatory lesion associated with new-onset refractory status epilepticus New-onset refractory status epilepticus (NORSE) has high morbidity and mortality. The authors describe the successful surgical treatment of a 56-year-old man presenting with NORSE. Magnetic resonance imaging showed a left temporal lobe lesion suspicious for a low-grade tumor, while PET imaging with the alpha[
11 C]methyl-L-tryptophan (AMT) radiotracer showed increased cortical uptake extending beyond this lesion and partly overlapping with epileptogenic cortex mapped by chronic intracranial electroencephalographic monitoring. Resection of the epileptic focus resulted in long-term seizure freedom, and the nonresected portion of the PET-documented abnormality normalized. Histopathology showed reactive gliosis and inflammatory markers in the AMT-PET-positive cortex. Molecular imaging of neuroinflammation can be instrumental in the management of NORSE by guiding placement of intracranial electrodes or assessing the extent and severity of inflammation for antiinflammatory interventions. admission, general and neurological examinations were normal, except for fluctuating fluent dysphasia. Cranial MRI showed a nonenhancing lesion in the left temporal lobe, hyperintense on T2-weighted and FLAIR sequences, suspicious for a low-grade glioma (Fig. 1) , normal protein and glucose levels, and negative polymerase chain reaction for herpes simplex virus 1 and 2. Upon arrival to our institution, continuous video-EEG monitoring showed periodic epileptiform discharges from the left temporal region with frequent electroclinical seizures resulting in episodic fluent aphasia. AMT-PET imaging was performed after obtaining informed consent and showed a relatively large cortical region of increased uptake within and adjacent (mostly posterior) to the MRI-defined lesion ( Fig. 1) .
Because of the persistent drug-resistant seizures (about 30 per day) and presence of focal MRI-defined abnormalities suspicious for an underlying glioma, the patient underwent a 2-stage epilepsy surgery with implantation of intracranial electrodes over the left frontotemporoparietal cortex 4 days after the PET scanning ( Fig. 2A) . A small image-guided biopsy of the MRI-defined lesion was performed prior to subdural grid implantation. Intracranial EEG monitoring showed frequent seizures emanating from the posterior aspect of the lateral temporal neocortex. Preliminary histological analysis from the tissue biopsy showed prominent astrocytosis thought to be related to an underlying or adjacent low-grade neoplasm.
After 3 days of extraoperative intracranial EEG monitoring and eloquent cortex mapping, the patient underwent volumetric resection of the lesion and surrounding epileptogenic zone in the temporal cortex (Fig. 1) . The mesial temporal lobe structures were preserved as they were not involved in the seizures. Postoperatively, the patient recovered well, with residual receptive language deficits that improved over 1 year. Since having surgery 3 years ago, he has remained seizure free and has a mild residual receptive dysphasia. Follow-up MRI showed no recurrence of the lesion. Likewise, AMT-PET performed 3 months after surgery showed normalization of AMT uptake ( Fig. 1) and remained unchanged at 18 months.
Immunological study showed absent anti-nuclear, anti-double-stranded DNA, anti-glutamic acid decarboxylase, anti-Hu, and anti-voltage-gated potassium channel antibodies. Likewise, a comprehensive paraneoplastic evaluation was negative.
Final histopathological evaluation of the biopsy specimen (obtained prior to subdural grid implantation) and the resected epileptic tissue showed recent neuronal necrosis, florid reactive astrocytosis (GFAP immunostaining, Fig. 2B ), microglial activation (CD68 immunostaining), and sparse lymphocytic inflammation (CD45 immunostaining) without evidence of viral inclusion, cytopathic effect, or underlying neoplasm. Resected epileptic tissue was carefully divided and identified based on intracranial EEG and PET findings. The individual tissue blocks were studied for expression of IDO (the initial and rate-limiting enzyme of the kynurenine pathway), the inflammatory marker IL-1b, and its receptor IL-1R1; these expressions were correlated with electrophysiological and neuroimaging findings. We noted strong coexpression of IDO and IL-1b under temporal electrodes involved in seizure onset, showing an increased AMT uptake on PET (Fig. 2C) , whereas IDO and IL-1b coexpression was sparse at the anterior temporal cortex (Fig. 2D) ; the latter was also involved in some seizures but did not have increased AMT uptake. Similarly, there was increased expression of IL-1R1 in the AMT-positive area (Fig. 2E  and F) .
Discussion
The clinical features described in this 56-year-old man fit the diagnosis of NORSE, although there were some unusual features. Notably, our patient had a single left temporal lesion resembling a low-grade neoplasm, while in most cases brain abnormalities on MRI and epileptiform activity on EEG tend to be multifocal.
11,26
However, histopathology revealed inflammatory changes without any evidence of tumor. There have been several conditions described in the literature that share features with NORSE, including fever-induced refractory epileptic encephalopathy and others (reviewed by Ismail and Kossoff), 11 but these affect younger populations (mostly children, rarely young adults) and a febrile illness is almost unanimously present before disease onset. In all of these conditions, abolition of status epilepticus is difficult, mortality is high, and neurocognitive outcome is often devastating. Surgical treatment is usually not considered due to the multifocal abnormalities. In contrast, our patient underwent emergency surgery and recovered with complete cessation of seizures and minimal neurological symptoms.
The AMT-PET findings played an important role in the diagnosis and management of our patient. AMT is a PET tracer, originally developed for mapping cerebral serotonin synthesis, which is not a substrate of the enzymes involved in protein synthesis. 8, 23 Subsequent studies in patients with partial epilepsy have suggested that AMT may accumulate in epileptic cortex and in epileptogenic lesions as a result of increased metabolism via the inflammatory kynurenine pathway. 5 This pathway plays a limited role in the normal brain but can be significant under inflammatory conditions, mostly via upregulation of IDO. 9 In the presented case, increased AMT accumulation extended considerably beyond the nonenhancing MRI-defined lesion, mostly into the posterior temporal cortex (Fig. 1) . While most low-grade gliomas accumulate AMT, 15 increased tracer uptake usually does not extend far beyond the lesion; 16 thus, this PET finding made presence of a low-grade glioma less likely. Rather, increased AMT uptake around nonneoplastic lesions is highly suspicious for epileptic cortex, as it has been seen in perituberal cortex in children with tuberous sclerosis complex. 1 The advantage of AMT over 2-deoxy-2[ 18 F] fluoro-D-glucose as a PET radiotracer is its high specificity to detect epileptic cortex via focal radiotracer accumulation in the interictal state.
14 Therefore, the relatively extensive temporal cortical AMT-PET abnormality, together with the electroclinical symptoms in our patient, prompted us to map the ictal onset zone with long-term subdural EEG monitoring before resection of a large portion of the left temporal lobe, which helped to maximize the chance of seizure freedom. This strategy was indeed successful, as the patient has remained seizure free over a 3-year follow-up period.
Histopathology of the resected epileptic tissue showed reactive gliosis and inflammation, which was present specifically in the AMT-accumulating tissue. High expression of IDO in the specimen suggested activation of the inflammatory kynurenine pathway and increased conversion of tryptophan to kynurenine metabolites as a result. 5 Proinflammatory cytokines, such as IL-1b or tumor necrosis factor-a, can potentiate induction of IDO.
10,21 IL1b, along with other cytokines, plays an important role in the mechanisms of hyperexcitability involved in experimental seizure models. 24 Cortical tubers resected to alleviate seizures showed signs of a chronic inflammatory response, including expression of a variety of markers such as IL-1b and its signaling receptor IL-1R1, components of the complement cascade, CD68-reactive macrophage infiltration, and expression of molecules (such as tumor necrosis factor-a) involved in cytokine signaling. 2, 19 Epileptogenic focal cortical dysplasia Type II (but not Type I) also showed prominent expression of IL-1b, components of the complement cascade, and perivascular and parenchymal CD3+ T lymphocytes (with a predominance of CD8+ cytotoxic/suppressor T cells), thus supporting involvement of different inflammatory pathways in these developmental lesions. 12 This expression pattern appears to coincide with the pattern of increased AMT uptake seen in focal cortical dysplasia subtypes. 6 Expression of IL-1b and IL-1R1 was also seen in specimens obtained from epileptogenic glioneuronal tumors, with widespread expression in multiple cell types including neurons, astrocytes, and microglia. 22 Seizure-induced brain inflammation and IL-1b release are also associated with transient blood-brain barrier impairment. 18 Therefore, increase of AMT uptake and trapping in epileptic tissue may be related to increased tryptophan transport (due to blood-brain barrier defect) and metabolism of tryptophan to L-kynurenine (due to IDO activity), respectively. Coexpression of IL-1b, IL-1R1, and IDO in AMT-accumulating cortex in specimens obtained from our patient is consistent with the notion that increased AMT uptake shown by PET imaging of the epileptic brain may serve as a biomarker of immune activation. 3 Comparison of the intracranial EEG and PET findings also suggested that the inflammatory changes extended beyond the epileptogenic region. Postsurgical reversal of increased AMT uptake in nonresected cortex in the posterior temporal region (which was not involved in seizure onset) suggests that some of the AMT-PET abnormalities were either seizure induced or represented reversible inflammation not inducing epileptogenesis.
The etiology of seizures in this patient remains unknown, as is the case with most patients with NORSE. However, there is an increasing body of evidence demonstrating that release of IL-1b and other proinflammatory cytokines can be both a cause and a consequence of severe seizures, thus playing a central role in inflammationmediated seizures and status epilepticus. 20, 25 Since status epilepticus in NORSE is resistant to standard antiepileptic treatment and the incidence of mortality is especially high in adults, there is an urgent need for novel therapeutic approaches. Our case demonstrates that surgery is an option when neuroimaging and electrophysiological data indicate a relatively limited unilateral brain abnormality. In cases with multifocal abnormalities, pharmacological approaches might be the only option. The results with wide-spectrum immunomodulatory treatment regimens have been disappointing; therefore, exploration of new antiinflammatory strategies is warranted.
7,20 Molecular imaging with AMT, or other imaging approaches targeting molecular mechanisms associated with neuroinflammation, 13 can offer a noninvasive way to assess presence, severity, and extent of seizure-associated inflammatory changes in the epileptic brain. These modalities could be instrumental not only when surgery is being considered but also in clinical trials as biomarkers when testing novel antiinflammatory approaches.
